Liquid electrolytes in quantum dot sensitized solar cells (QDSSCs) cause device 6 packaging and stability issues, and in this work a new type of solid-state electrolyte based on 7 PEO-PVDF polymer blends with S/tetramethylammonium sulfate (S/TMAS) redox additive is 8 investigated. UV-Vis and ionic conductivity measurements are performed to characterize the 9 electrolytes' optical and electrochemical properties. QDSSCs are fabricated using the polymer 10 electrolytes, and a possible additional redox process in the cells is proposed. The study shows 11 that the PEO-PVDF polymer electrolyte with the S/TMAS redox additive can improve the 12 solar cell incident photon-to-current conversion efficiency and stability. This research could 13 shed light on the study of novel solid-state QDSSCs based on polymer electrolytes with further 14 enhanced performance. 15 16
Introduction
It is well known that liquid electrolytes in quantum dot sensitized solar cells (QDSSCs) 21 have issues such as being volatile and corrosive, which cause difficulties in device packaging 22 and decrease the long-term stability of the cells [1] . On the other hand, solid-state electrolytes 23 have been widely studied in the past, and most of the research has been carried out on dye 24 sensitized solar cells (DSSCs) [2] . Research on all solid-state quantum dot sensitized solar 25 cells has attracted more attention recently, and it is expected that the application of solid-state 26 or quasi solid-state electrolytes in QDSSCs could substantially improve their performance by 27 reducing QD corrosion and device degradation as well as realizing a faster hole regeneration 28 [3] . Typical all solid-state QDSSCs are based on mesoporous TiO 2 nanoparticle films, CdSe 29 or PbS QD sensitizers, and solid-state hole conductors such as spiro-OMeTAD [1] . However, 30 one major issue with most solid-state hole transporting materials is the poor penetration into 31 mesoporous photoanode thin films, which limits film thickness and lowers the light 32 harvesting efficiency. In this study we investigate polymer-based solid-state electrolytes for 33 QDSSCs, which have the advantages of easy penetration into porous films, good wettability 34 with the nanostructured photoanodes, and relatively high ionic conductivity [4] . Polymer 35 electrolytes have been inspected for different applications in the past, such as in Lithium ion 36 batteries or DSSCs [5] . However, to the best of our knowledge, thus far there are only limited 37 reports on their applications in QDSSCs [6] . 38 Typical liquid electrolytes used for QDSSCs are aqueous polysulfide solutions with the 39 S 2-/S x 2redox couple [7] [8] [9] , and this redox couple plays a key role in the regeneration of the 40 3 semiconductor QDs by scavenging the photogenerated holes [10] . In such liquid electrolytes, 41 the oxidization at the photoanode/electrolyte interface can be described as [11, 12] 11, and 14) were then added at room temperature, during which the total mass of S and TMAS 88 was kept at 0.0488 g. The electrolyte solution was then stirred for 5 days to form a 89 homogeneous viscous liquid. PEO-PVDF polymer electrolytes with pure S, pure TMAS, or 90 S/Na 2 S (S/Na 2 S molar ratio of 3 with a total mass of 0.0488 g) were also prepared for 91 comparison studies, and the preparation procedure is similar. , respectively 131 [18, 19] . In the PEO-PVDF electrolyte with S/Na 2 S, the formation of S In the PEO-PVDF electrolyte with S/TMAS, S x 2can also be formed from the S content as 142 described in eq. (6) -(8). In Fig. 2a The preparation of the PEO-PVDF electrolytes in air and a water bath (80 o C) makes it easy 149 for water and oxygen to react with S, and the reactions proceed as discussed above, which with different S/TMAS molar ratios. Fig. 4a, 4b , and 4c exhibit these ATR-FTIR spectra in the 218 wavelength range of 4000 -400 cm -1 , 1050 -910 cm -1 , and 650 -550 cm -1 , respectively. 219 The absorption bands at 3300 -3500, 2885, 1404, and 1100 cm -1 in Fig. 4a 
